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( 303 ) 
No. XXXVII. 

General Principles and ConJlruElion of a Sub-marine VeffeU 
communicated by D. Bujhnell of Connecticut , the inventor ^ 
in a letter of October^ 1 787, to Thom a s Jefferson then 
Minijler Plenipotentiary of the United States at Paris. 

Read June HT^HE external fhape of the fub-marine veffel 
8. i79 8 - X bore fome refemblance to two upper tortoife 
Jhellsof equal fize, joined together; the place of entrance 
into the veffel being reprefented by the opening made by the 
fwell of the ihells, arthe head of the animal. The infide 
was capable of containing the operator, and air, fufficient 
to fupport him thirty minutes without receiving frefh air. 
At the bottom oppofite to the entrance was fixed a quanti- 
ty of lead for ballaft, At one edge which was directly be- 
fore the operator, who fat upright, was an oar for rowing 
forward or backward. At the other edge, was a rudder for 
fleering. An aperture, at the bottom, with its valve, was 
defigned to admit water, for the purpofe of defcending; and 
two brafs forcing-pumps ferved to eject the water within, 
when neceffary for afcending. At the top, there was like- 
wife an oar, for afcending or defcending, or continuing at 
any particular depth — A water-gauge or barometer, deter- 
mined the depth of defcent, a compafs directed the courfe, 
and a ventilator within, fupplied the veffel with frefh air, 
when on the furface. 

The entrance into the veffel was elliptical, and fo fmall 
as barely to admit a perfon. This entrance was furrounded 
with a broad elliptical iron band, the lower edge of which 
was let into the wood of which the body of the veffel was 
made, in fuch a manner, as to give its utmoft fupport to 
the body of the veffel againft the preffure of the water. 
Above the upper edge of this iron band, there was a brafs 
crown, or cover, refembling a hat with its crown and brim, 

which 
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which (hut water tight upon the iron band : the crown was 
hung to the iron band with hinges fo as to turn over fide- 
wile, when opened. To make it perfectly fecure when 
fhut, it might be fcrewed down upon the band by the ope- 
rator, or by a perfon without. 

There were in the brafs crown, three round doors, one 
directly in front, and one on each fide, large enough to put 
the hand through — when open they admitted frefh air; their 
fhutters were ground perfectly tight into their places with 
emery, hung with hinges and fecured in their places when 
fhut. There were like wife feveral fmall glals windows in 
the crown, for looking through, and for admitting light in 
the day time, with covers to fecure them. There were 
two air pipes in the crown. A ventilator within drew 
frefh air through one of the air pipes, and difcharged it in- 
to the lower part of the veffel ; the frefh air introduced by 
the ventilator, expelled the impure light air through the 
other air pipe. Bnth air pipes were fo confirudted, that 
they fhut themfelves whenever the water rofe near their 
tops, fo that no water could enter through them, and open- 
ed themfelves immediately after they rofe above the water. 

The veffel was chiefly ballafted with lead fixed to its 
bottom ; when this was not fufEcient, a quantity was plac- 
ed within, more or lefs, according to the weight of the ope- 
rator ; its ballafl made it fo ftifT, that there was no dan- 
ger of overfetting. The veffel with all its appendages, and 
the operator, was of fufEcient weight to fettle it very low 
in the water. About two hundred pounds of the lead, at 
the bottom, for ballaft, would be let down forty or fifty 
feet below the veffel; this enabled the operator to rife in- 
ftantly to the furface of the water, in cafe of accident. 

When the operator would defcend, he placed his foot 
upon the top of a brafs valve, depreffing it, by which he 
opened a large aperture in the bottom of the veflel, through 
which the water entered at his pleafure j when he had ad- 
mitted 
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mitted a fufficient quantity, he defcended very gradually; if 
he admitted too much, he ejected as much as was neceflary 
to obtain an equilibrium, by the two brafs forcing pumps, 
which were placed at each hand. Whenever the veflel 
leaked, or he would afcend to the furface, he alfo made ufe 
of thefe forcing pumps. When the fkilful operator had ob- 
tained an equilibrium, he could row upward, or down- 
ward, or continue at any particular depth, with an oar, 
placed near the top of the veflel, formed upon the principle 
of the fcrew, the axis of the oar entering the veflel ; by 
turning the oar one way he raifed the veflel, by turning it 
the other way he deprefled it. 

A glafs tube eighteen inches long, and one inch in dia- 
meter, {landing upright, its upper end clofed, and its lower 
end, which was open, fere wed into a brafs pipe, through 
which the external water had a paflage into the glafs tube, 
ferved as a water-gauge or barometer. There was a piece of 
cork with phofphorus on it, put into the water-gauge. When 
the veflel defcended the water rofe in the water-gauge, con- 
denling the air within, and bearing the cork, with its 
phofphorus, on its furface. By the light of the phofpho- 
rus, the afcent of the water in the gauge was rendered vilible, 
and the depth of the veflel under water afcertained by a 
graduated line. 

An oar, formed upon the principle of the fcrew, was 
fixed in the forepart of the veflel; its axis entered the veflel, 
and being turned one way, rowed the veflel forward, 
but being turned the other way rowed it backward ; it was 
made to be turned by the hand or foot. 

A rudder, hung to the hinder part of the veflel, com- 
manded it with the greateft eafe. The rudder was made 
very elaftic, and might be ufed for rowing forward. Its 
tiller was within the veflel j at the operator's right hand, 
fixed, at a right angle, on an iron rod, which paffed 
through the fide of the veflel ; the rod had a crank on its 

S f outfide 
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outfide end, which commanded the rudder, by means of 
a rod extending from the end of the crank to a kind of tiller, 
fixed upon the left hand of the rudder. Raifing and de- 
prefling the firft mentioned tiller turned the rudder as the 
cafe required. 

A compafs marked with phofphorus directed the courfe, 
both above and under the water ; and a line and lead 
founded the depth when necefTary. 

The internal fhape of the veffel, in every poffible fe&ion 
of it, verged towards an ellipfis, as near as the defign 
would allow, but every horizontal fedtion, although ellip- 
tical, yet as near to a circle, as could be admitted. The body 
of the veffel was made exceedingly ftrong; and to ftrengthen 
it as much as poffible, a firm piece of wood was framed, 
parallel to the conjugate diameter, to prevent the fides 
from yielding to the great preflure of the incumbent water, 
in a deep immerfion. This piece of wood was alfb a feat 
for the operator. 

Every opening was well fecured. The pumps had two 
fets of valves. The aperture at the bottom, for admitting 
water, was covered with a plate, perforated full of holes 
to receive the water, and prevent any thing from choaking 
the paffage, or flopping the valve from lhutting. The 
brafs valve might likewife be forced into its place with a 
fcrew, if necefTary. The air pipes had a kind of hollow 
fphere, fixed round the top of each, to fecure the air-pipe 
valves from injury : thefe hollow fpheres were perforated 
full of holes for the paffage of the air through the pipes : 
within the air-pipes were mutters to fecure them, mould 
any accident happen to the pipes, or the valves on their tops., 

Wherever the external apparatus pafled through the bo- 
dy of the veffel, the joints were round, and formed by 
brafs pipes, which were driven into the wood of the veffel, 
the holes through the pipes were very exactly made, and 
the iron rods, which paffed through them, were turned in 

a 
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a lathe to fit them ; the joints were alfo kept full of oil, to 
prevent ruft and leaking. Particular attention was given to 
bring every part, "neceflary for performing the operations, 
both within and without the veflel, before the operator, 
and as conveniently as could be devifed ; fo that every thing 
might be found in the dark, except the water-gauge and 
the compafs, which were vifible by the light of the phof- 
phorus, and nothing required the operator to turn to the 
right hand, or to the left, to perform any thing neceflary. 

No. a. 

Defcription of a magazine and its appendages, dejtgned to he 
conveyed by the J'ub-marine vejfel to the bottom ofajhip. 

In the forepart of the brim of the crown of the fub-ma- 
rine veflel, was afocket, and an iron tube, pafling through 
the focket ; the tube flood upright, and could Aide up and 
down in the focket, fix inches: at the top of the tube, was 
a wood-fcrew (A) fixed by means of a rod, which pafled 
through the tube, and fcrewed the wood-fcrew faft upon 
the top of the tube: by pufhing the wood-fcrew up againfl: 
the bottom of a fhip, and turning it at the fame time, it 
would enter the planks ; driving would alfo anfwer the 
fame purpofe ; when the wood-fcrew was firmly fixed, it 
could be caft off by unferewing the rod, which fattened it 
upon the top of the tube. 

Behind the fub- marine veflel, was a place, above the 
rudder, for carrying a large powder magazine, this was 
made of two pieces of oak timber, large enough when hol- 
lowed out to contain one hundred and fifty pounds of pow- 
der, with the apparatus ufed in firing it, and was fecured 
in its place by a fcrew, turned by the operator. A ftrong 
piece of rope extended from the magazine to the wood- 
icrew (AJ above mentioned, and was fattened to both. 

S f 2 When 
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When the wood-fcrew was fixed, and to be caft off from 
its tube, the magazine was to be caft off like wife by un- 
fcrewing it, leaving it hanging to the wood-fcrew ; it was 
lighter than the water, that it might rife up againft the ob- 
ject, to which the wood-fcrew and itfelf were fattened. 

Within the magazine was an apparatus, conftrucled to 
run any propofed length of time, under twelve hours ; when 
it had run out its time, it unpinioned a ftrong lock refem- 
bling a gun lock, which gave fire to the powder. This 
apparatus was fo pinioned, that it could not poffibly move, 
till, by cafting off the magazine from the vefTel, it was fet 
in motion. 

The fkilful operator could fwim fo low on the furface of 
the water, as to approach very near a fhip, in the night, 
without fear of being difcovered, and might, if he chofe, 
approach the ftem or ftern above water, with very little dan- 
ger. He could link very quickly, keep at any depth he 
pleafed, and row a great diftance in any direction he de- 
fired, without coming to the furface, and when he rofe to 
the furface, he could foon obtain a frefh fupply of air, 
when, if neceffary, he might defcend again, and purfue 
his courfe. 

No. 3. 

Experiments made to prove the nature and ufe ofafub-marinc 

vejfel. 

The firft experiment I made, was with about two 
ounces of gun powder, which I exploded 4 feet under wa- 
ter, to prove to fome of the firft perfonages in Connecticut, 
that powder would take fire under water. 

The fecond experiment wa3 made with two pounds of 
powder, inclofed in a wooden bottle, and fixed under a 
hogfhead, with a two inch oak plank between the hogfhead 

and 
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and the powder ; the hogfhead was loaded with ftones as 
deep as it could fwim ; a wooden pipe defcending through 
the lower head of the hogfhead, and through the plank, 
into the powder contained in the bottle, was primed with 
powder. A match put to the priming, exploded the pow- 
der, which produced a very great effecT:, rending the plank 
into pieces ; demolifhing the hogfhead j and carting the 
ftones and the ruins of the hogfhead, with a body of water, 
many feet into the air, to the aftonifhment of the fpecla- 
tors. This experiment was likewife made for the fatisfac- 
tion of the gentlemen above mentioned. 

I afterwards made many experiments of a fimilar nature, 
fome of them with large quantities of powder ; they 
all produced very violent explofions, much more than fuf- 
ficient for any purpofe I had in view. 

In the firft. effays with the fub -marine veffel, I took care 
to prove its ftrength to fuftain the great preffure of the in- 
cumbent water, when funk deep, before 1 trufted any per- 
fon to defcend much below the furface : and I never fuffer- 
ed any perfon to go under water, without having a ftrong 
piece of rigging made fall to it, until I found him well ac- 
quainted with the operations neceffary for his fafety. Af- 
ter that, I made him defcend and continue at particular 
depths, without rifing or finking, row by the compafs, 
approach a veffel, go under her, and fix the -wood-Jcrew 
mentioned in No. 2, and marked A, into her bottom, &c. 
until I thought him fufficiently expert to put my defign in- 
to execution. 

I found, agreeably to my expectations, that it required 
many trials to make a perfon of common ingenuity, a 
ikilful operator : the firft I employed, was very ingenious, 
and made himfelf mafter of the bufinefs, but was taken fick 
in the campaign of 1776, at New-York, before he had an 
opportunity to make ufe of his {kill, and never recovered 
his health fufficiently, afterwards. 

Experiments 
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Experiments made with ajub-marine vejfel. 

After various attempts to find an operator to my wifh, t 
fent one who appeared more expert than the reft, from 
New- York, to a 50 gun fhip lying not far from Governor's 
Ifland. He went under the fhip, and attempted to fix the 
wooden fcrew into her bottom, but ftruck, as he fuppofes, 
a bar of iron, which panes from the rudder hinge, and is 
fpiked under the fhip's quarter. Had he moved a few 
inches, which he might have done, without rowing, I 
have no doubt but he would have found wood where he 
might have fixed the fcrew; or if the fhip were fheathed 
with copper, he might eafily have pierced it : but not be- 
ing well fkilled in the management of the veflel, in at- 
tempting to move to another place, he loft the fhip ; af- 
ter feeking her in vain, for fome time, he rowed fome dis- 
tance, and rofe to the furface of the water, but found day 
light had advanced fo far, that he durft not renew the at- 
tempt. He fays that he could eafily have fattened the ma- 
gazine under the item of the fhip, above water, as he rowed 
up to the ftern, and touched it before he defcended. Had 
he faftened it there, the explofion of one hundred and fifty 
pounds of powder, (the quantity contained' in the maga- 
zine), muft have been fatal to the fhip. In his return from 
the fhip to New -York, he paffed near Governor's Ifland, 
and thought he was difcovered by the enemy, on the ifland ; 
being in hafle to avoid the danger he feared, he caft off the 
magazine, as he imagined it retarded him in the fwell, 
which was very confiderabie. After the magazine had been 
caft off one hour, the time the internal apparatus was fetto 
run, h blew up with great violence. 

Afterwards, there were two attempts made in Hudfon's 
river, above the city, but they effected nothing. One of 
them was by the aforementioned perfon. In going to- 
wards 
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wards the (hip, he loft fight of her, and went a great di- 
ftance beyond her: when he at length found her, 
the tide ran fo ftrong, that as he defcended under water, 
for the fhip's bottom — it fwept him away. Soon after this, 
the enemy went up the river, and purfued the boat which 
had the fub-marine veffel on board — and funk it with 
their fhot. Though I afterwards recovered the veflel, I found 
it impofiible, at that time, to profecute the defign any farther. 
I had been in a bad ftate of health, from the beginning 
of my undertaking, and was now very unwell ; the fitua- 
tion of public affairs was fuch, that I defpaired of ob- 
taining the public attention, and the afliftance neceffary. 
1 was unable to fupport myfelf, and the perfons I muft 
have employed, had I proceeded. Befides, I found it ab- 
folutely neceffary, that the operators fhould acquire more 
{kill in the management of the veflel, before 1 could ex- 
pert fuccefs; which would have taken up fome time, and 
made no fmall additional expenfe. I therefore gave over 
the purfuit for that time, and waited for a more favorable 
opportunity, which never arrived. 



Other 'Experiments made with a dejign tofre Shipping* 

In the year 1777, I made an attempt from a whale- 
boat, againft the Cerberus frigate, then lying at anchor 
between Connecticut river and NewLondon, by drawing 
a machine againft her fide, by means of a line. The 
machine was loaded with powder, to be exploded by a 
gun-lock, which was to be unpinioned by an apparatus, 
to be turned by being brought along fide of the frigate. 
This machine fell in with a fchooner at anchor, aftern 
of the frigate, and concealed from my fight. By fome 
means or other, it was fired, and demolifhed the fchooner 

and 
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and three men — and blew the only one left alive, over- 
board , who was taken up very much hurt. 

After this, 1 fixed feveral kegs, under water, charged 
with powder, to explode upon touching any thing, as 
they floated along with the tide : I fet them afloat in the 
Delaware, above the Englifh fhipping at Philadelphia, in 
December, 1777. I was unacquainted with the river, 
and obliged to depend upon a gentleman very imperfectly 
acquainted with that part of it, as i afterwards found. 
We went as near the fhipping as he durft venture; 1 be- 
lieve the darknefs of the night greatly deceived him, as it 
did me. We fet them adrift, to fall with the ebb, upon 
the fhipping. Had we been within fixty rods, I believe 
they muft have fallen in with them immediately, as 1 de- 
figned ; but as 1 afterwards found, they were fet adrift 
much too far diftant, and did not arrive, until after be- 
ing detained fome time by frofr, they advanced in the 
day time, in a difperfed fituation, and under great difad- 
vantages. One of them blew up a boat, with feveral per- 
fons in it, who imprudently handled it too freely, and 
thus gave the Britifh that alarm, which brought on the 
battle of the Kegs. 



The above VefTel, Magazine, &c. were proje&ed in 
the year 1771, but not completed, until $he year 1775. 

D. Bushnell. 
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